Botswana is a semi-arid water scarce country. The need for prudent management of water resources as well as global trends on water sector reforms has prompted the country to embrace integrated water resources management. This paper seeks to improve understanding of the challenges of implementing IWRM principles in Botswana's water sector. Using a conceptualisation of the integrated water resources management approach, the paper assesses the structure and function of water management institutions at various spatial scales; it assesses stakeholder perceptions on water sector reforms, and identifies key challenges of supplying water in Maun and nearby settlements of Sexaxa and Matlapaneng;. The paper utilises data from secondary sources and stakeholder interviews. The results indicate that prior to the water sector reforms frequent water shortages, inadequate storage, aging and inefficient distribution infrastructure, and poor service delivery were the main challenges faced by the water sector in Botswana. The following reforms were implemented to address the challenges: 1) dismantling and re-arrangement of water management institutions; and 2) Water Utilities Corporation awarded the responsibility to supply water to all settlements including Maun and small settlements. The water reform had challenges in Maun as WUC inherited a debt of BWP70 million, old and incapacitated and poorly constructed water supply infrastructure; and water tariffs that didn't meet the costs of water supply. These resulted in water supply disruptions.
Introduction
Over-exploitation of resources, poor water management initiatives, and scarcity of water have become prominent concerns globally [1] . In recognition of the rising demand and unsustainable use of water resources, water sector reforms have become a global trend as countries embark on efforts to improve water management [2, 3] .
Botswana is a semi-arid landlocked country that experiences low and erratic rainfall, recurrent and severe droughts (5, 10, 15 year cycles), and high rates of evapotranspiration of up to 2000mm per annum [4] . The country has limited suitable dam sites, low rate of surface run-off due to flat topography, and low recharge of groundwater [5] . Most surface water resources are found in the northern regions particularly in Chobe/Linyanti/Zambezi River and the Okavango River systems; this has led to challenges in water supply within the country [4, 5, 6, 7] . In light of the above, Botswana is regarded as a water scarce country which largely relies on groundwater sources --the pervasive conditions which are likely to intensify due to climate change.
Faced by major challenges of water supply, growing population, inefficient water management institutions as well as the growing demand for fresh water, the Government of Botswana considered integrated water resources management as a more viable option [8] . With the assistance of the World Bank, the Government embarked on a water sector reform project in 2009 aimed at, a) rationalising and reducing the actors in the water sector to meet current and future water challenges, and b) promoting and achieving efficient and sustainable water management [9] . This paper aims to improve understanding of the challenges of the implementation of IWRM principles in water management in Botswana. The structure and function of water management institutions at various spatial scales are assessed, the challenges of water supply in Maun and surrounding villages are critically examined, and stakeholder perceptions on the effects of water reforms on service delivery are also assessed.
Key concept: integrated water resources management (IWRM)
Recognizing that water management takes place in a context of rapid environmental change, uncertainty and increasing complexity [10] , both developed and developing countries have adopted an integrated water resources management (IWRM), a holistic approach to managing water resources at all levels [11, 12] . IWRM is defined as a "process which promotes the coordinated development and management of water, land and related resources in order to maximize the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystem" [11, p.22] . It is regarded as the latest innovation and a new solution to challenges of managing water resources in order to safeguard the sustainability of resources. As such, IWRM encompasses three principles; economic efficiency, social equity and ecosystem sustainability [11, 13] . It is therefore considered to in line with sustainable development discourse. It emphasizes the coordinated management of water and land by focusing on three pillars of "an enabling environment of suitable policies, strategies and legislation and institutional framework to put the policies, strategies and legislation into practice" [14] . IWRM emphasises the management of water through an ecosystem approach that recognises the river basin as main administrative unit [14] .
IWRM is still a subject of debate and there is growing literature calling for the assessment of the concept. Some scholars view it as an application, perspective and a way of looking at problems and how to solve them [15] . Others argue that it is a very "relevant yet exclusive and fuzzy" concept [15] , or "a mantra or religious text, a set of unquestioned assumptions and assertions about how water resources should be developed and managed" [16, [17, 18] .
Rahaman and Varis [19] have also argued that the issues of privatisation, water as an economic good, transboundary river basin management, restoration and ecology, fisheries and agriculture need to focus on past IWRM experiences and the cultural aspects of water must be resolved before IWRM can be successfully implemented. They argue that the above-stated issues manifested themselves as hampering the implementation of IWRM. Therefore addressing and solving the issues will lead to successful IWRM. However, it is equally arguable that the issues raised by Raharam and Varis [19] are issues that can only be resolved during and not prior to the management process.
Despite its acceptance, the generally heated debate around its conceptualisation, and its practically subtle application on the ground, its implementation has been advocated for and supported in many countries including Botswana [12] . Reasons for the difficulty of implementing IWRM include lack of human capacity in the water sector, lack of funding and the unwillingness of policy makers to embrace the integration imperative [20, 21] . Many developing countries struggle with the full implementation process of IWRM due failure to adapt the concept to their specific needs. For example, within a developing country context it may be difficult to implement IWRM reforms particularly if there is no previous foundation for institutional support and capacity, for instance operational catchment management agencies, thus requiring considerable time and investment before actual benefits can be yielded both of which maybe in short supply [13] .
Study area
Ngamiland District is the regional administrative area which covers about 109,130 km 2 , with a population of 149,755 people in north western Botswana [22] . It is home to the well renowned Okavango Delta, a Ramsar Site and UNESCO's 1000 th World Heritage Site. The Okavango Delta is a mosaic of river channels, islands and expanse flood plains, and the main source of water for a wide variety of flora, fauna and human activities [23] . Maun ( Figure 1) , with a population of 60,263 people [24] , is the capital of Ngamiland District under the North West District Council (NWDC), the district administrative authority. Maun is situated on the southern edge of the Okavango Delta. The small settlements of Matlapaneng and Sexaxa are largely considered as part of Maun; their community representatives are always consulted on various administrative issues. Therefore these two settlements were included in the study. Thamalakane River is one of the Delta distributaries, the main outlet to the Boteti River in the south and it is the main source of surface water in Maun and the surrounding small settlements. 
Methods
This is a qualitative study which used secondary and primary data sources. Secondary data sources included government policy documents, published and unpublished reports, refereed journal articles and relevant books. Primary data were obtained from key informant interviews, informal interviews with public officers, and interviews with experts in water resources management.
Critical case purposive sampling as described in Brewer and Hunter [25] was used in the selection of participants considered to be the most appropriate for answering the research questions. Therefore individuals were considered based on our prior knowledge of their responsibilities, community engagement and participation in Botswana water management programmes. The interviewees comprised chairpersons of village development committees (VDCs) and chiefs (dikgosi) of all the 24 wards in Maun and the nearby settlements of Matlapaneng and Sexaxa. However only 36 (75%) out of the 48 listed representatives were interviewed, mainly due to unavailability of some of the leaders during the interview period. Other stakeholders interviewed included officers from various government departments, Northwest District Council, Water Utilities Corporation, as well as academic researchers involved in water-related studies.
An interview schedule with a set of both open-and closed-ended questions was directly administered to the respondents. The schedule had sections that were arranged to answer questions on water supply challenges, stakeholder perceptions on water sector reforms and the structure of water management institutions prior and after the reforms.
All primary data collected using the interview schedule were coded, cleaned for errors and entered into a computer, and prepared for final analysis. The data were analysed for similarities and differences, and grouped into themes. The results of both secondary and primary data analyses are presented in the next section.
Structure of water sector institutions in Botswana 1966-2009
Since 
Due to the fragmented institutional structure, the water sector in Botswana had several challenges including frequent water shortages, inadequate storage, aging and inefficient distribution infrastructure, and generally poor service delivery [8, 28] . The country had 27 different water tariffs structures; the WUC had five tariffs based on the capital investment in each of the urban areas; Department of Water Affairs had about six different tariffs depending on where they sourced the water, and the 16 district councils set their own tariffs as determined by the local political leadership. Despite the variations in tarrifs, water is heavily subsidized in Botswana for all areas and sectors, and the cost to the consumer is generally low. Consequently the Government was faced with burgeoning developmental and service costs for both water and waste water. Other challenges were environmental in nature; due to under-capacity and/or poor maintenance, most wastewater systems discharged effluent, which did not meet environmentally allowable standards, into river systems [29, 30] . As a result of these challenges there arose a need for reforms in the water sector. Due to general uncertainty and complexity of water resources and that under state-centralisation outcomes were no longer desirable; the Botswana National Water Masterplan of 1991 was reviewed. This paved way for the adoption of IWRM principles which resulted in institutional changes in the water sector. As a result some water management institutions were dismantled and/or rearranged, rationalizing the unimportant ones, and redefining their roles. Department of Water Affairs under the Ministry of Minerals, Energy and Water Resources dispensed with water supply responsibilities and focused on planning, developing and managing water resources [4, 7, 32, 33] . Water Utilities Corporation had its mandate extended to water supply and waste water management in all settlements. The corporation was also mandated to provide sanitation services throughout the country. Key priorities for the reform process included increased security of supply, improved water quality and service delivery, and re-use of treated effluent. The aforementioned priorities were to be met through; a) construction of dams and groundwater systems by Deaprtment of Water Affairs, b) an expanded programme of chlorination, treatment of saline water so that a minimum of class II can be achieved country-wide, c) repair of faulty systems and installation of improved systems where none existed, d) expansion of supply networks to facilitate individual connections, e) phasing out of communal standpipes to ensure proper accountability for water use and f) promotion of water conservation, and g) expanded recycling and treating of effluent with target of 96% by 2030, from the current 20% [6, 30] .
Following the restructuring process, as illustrated in Figure 3 below, fewer institutions than in the past lead the water sector;the Ministry of Minerals Energy and Water
Resources now focuses on water development, policy and planning. The Water Resources Board is responsible for overseeing and allocating Botswana's scarce water resources as well as monitoring and development of water related policies. The role of the Water and Energy Regulator is to a) ensure financial sustainability across the water sector, b) reduce wastage through streamlining of operators, c) determine revenue requirements to inform regular tariff adjustments, d) oversee compliance of service standards to policies and legislation, and serves as the Water Resources Board secretariat [5, 31] . As earlier indicated in this section the Water Utilities Corporation focuses on water and waste water service delivery whereas the Department of Water Affairs focuses on water resources development and policy issues.
The overall features of the institutional structure were inclusiveness and participatory and/or holistic approach with close linkages to development and land use planning. Institutions were to be nationally linked, with clear mandates for water and waste-water service delivery, policy and planning, regulation, and full integration of trans-boundary water management [34] . In general power would be distributed between central government, local government, non-governmental organisations, private sector and local communities. Central government through various departments, formulates and implements policies, enforces laws and facilitates sustainable use of resources. Local government would facilitate linkages with local communities, private sector and nongovernmental organisations. NGOs would facilitate institutional development, capacity building in water platforms, multi-stakeholder participation and dialogues, and act as watch-dogs for monitoring and evaluating institutions. The private sector would ensure efficiency and consumer protection as well as assisting the Government in infrastructure development and capacity building [5, 6] The institutional arrangements for the implementation of the IWRM-Water Efficiency plan were thus meant to be aligned to the water sector reform [33, 35] The expected benefits of the water sector reforms were, a) centralised administration, consistent service with only one supplier, b) defined accountability in the water sector, c) reduced duplication of efforts, d) equitable allocation of resources, and e) the coordinated planning of future developments of water resources [34] . The reform process was therefore expected to lead to improved service delivery, continuity of water supply, effective revenue collection, expanded service country-wide, the pooling of resources and improved protection of vulnerable ecosystems [4, 7, 33] 
5.
Challenges for the water sector during and after the reforms: the Maun case study Several challenges emerged during the reform process; due to the 2008 global financial crisis, government revenue declined remarkably, and a number of projects throughout the country and in all sectors including the water sector had to be deferred. This escalated into other challenges including poor maintenance of water supply infrastructure, water supply disruptions, failure to meet water quality standards and increased water losses [5, 6, 4, 7] Prior to the reforms, Maun had two main water supply authorities; the Department of Water Affairs and North West District Council. The former supplied wards in the main village whereas the latter supplied the wards which were considered to be outside the main village water supply zone, including the small settlements of Matlapaneng and Sexaxa, which are now largely considered to be part of Maun. The water sector reforms were undertaken in phases nationally; Maun was the last primary settlement to transfer all water supply, wastewater and sewerage services from the Department of Water Affairs to Water Utilities Corporation (WUC).
The transfer of authority to WUC had adverse impacts on service delivery mainly due to inherited challenges including poor infrastructure, outstanding debts, dilapidated public standpipes, non-cost-reflective tariffs, and transitory ones such as high connection charges, delay in transfer of funds to WUC, and insufficient funds for Key informant interviews revealed that at the time of takeover in Maun, WUC inherited old, incapacitated and poorly constructed water supply infrastructure. In some areas the storage tanks and supply lines were of low capacity, which resulted in frequent pipe bursts, heavy water losses and interrupted water supply. These challenges necessitated major upgrading and refurbishment at very high cost to the WUC; which was not only peculiar to Maun but widespread in most rural settlements throughout the country (Department of Water Affairs 2013).
The WUC inherited a debt of BWP70 million (US$6,293 million) from the former water supply authorities. It also inherited different tariffs which were applied in the various areas including Maun and surrounding villages. These tariffs did not necessarily meet the costs of supply. There was a need for standardisation and adjustment of tariffs, to meet the costs of water supply and maintenance. However, standardisation and adjustment could not immediately be done as it needed approval by the Ministry of Minerals Energy and Water Resources.
Conclusion
This paper assessed: the structure and function of water management institutions at various spatial scales, the stakeholder perceptions on water sector reforms, and identified key challenges of supplying water in Maun, Sexaxa and Matlapaneng. Water sector reforms are currently a global trend towards improving the efficiency and management of water resources as well as a step towards achieving IWRM. Botswana, as a developing country with a desire to: improve water management, carve water challenges and embody the IWRM principles, embarked on a water sector reform with the aim of rationalising the roles of institutions in the water sector and improving water provision services in the country. It is evident from the paper that there has been rationalisation and reduction in the authorities within the water sector. All water supply services and waste water services have now been taken over by WUC. These reforms were expected to result in improved service delivery, accountability and transparency in Botswana's water sector.
Most current institutional challenges faced by WUC, are inherited from the previous water governance structures. These include poor infrastructure and poor water connections, which are expected to be overcome in the long run.
IWRM aims to actively involve diverse stakeholders in decision making and policy processes as opposed to relying solely on traditional management actors (that is, bureaucrats, technical experts and financiers) [36] . As such the water sector reform through the IWRM-WE plan in Botswana acknowledges and advocates for all stakeholder participation in the water sector, hence the public was notified of the water sector reform prior to its implementation. Though IWRM seeks to adopt a more inclusive and pluralistic approaches, the concept still retains the state-centric element. In the case of Botswana water sector reforms, the participation of other stakeholders particularly the civil society and local communities is still practically limited. This may attributed to the generally centralised role that the Government plays, in most sectors. The Government generally controls all sectors through a parallel system involving central and local government including traditional leadership, and thus leaves little room for private and/or civil participation.
